A number of premotor and prefrontal brain areas have been recently shown to play a significant role in re-22 sponse selection in overt sentence production. These areas are anatomically connected to the basal ganglia, 23 a set of subcortical structures that has been traditionally involved in response selection across behavioral do-24 mains. The putamen and the caudate, the two major inputs to the basal ganglia, have been shown to under-25 take motor-as well as non-motor-related selection operations in language processing. Here we investigate 26 the role of these basal ganglia structures in sentence repetition and generation in healthy adults. Although 27 sentence generation is known to activate prefrontal and premotor cortical areas that reciprocally connect 28 with these two neostriatal structures, their specific contributions are not known. We present evidence 29 suggesting that that the putamen undertakes articulation-related aspects across tasks, while the caudate se-30 lectively supports selection processes in sentence generation. 31 © 2013 Elsevier Inc. All rights reserved. The differentiation of these cortico-cortical-BG-thalamic loops is 
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Introduction

37
A fundamental aspect of spoken language production is selection, sponses during word (Tremblay and Gracco, 2009a,b; 
of undesired actions and facilitation-initiation of desired ones 91 (e.g., Gerfen, 1992) . Studies on monolingual speakers have demon-92 strated BG involvement in the controlled process of syntactic integra-activation during sentence repetition (externally constrained selection) 114 with that during sentence generation (volitional selection). Based on the 115 above, we hypothesize, first, that the caudate nucleus would be more 116 active during sentence generation than repetition, given its involvement 117 in the prefrontal-associative loop and its significance in aspects of re-118 sponse selection, cognitive control, and semantics; and second, that 119 the putamen would be similarly active in both repetition and genera-120 tion, based on its involvement in the motor-attentional cortico-striatal 121 loop.
122
Materials and methods
123
Participants
124
The present study represents a reanalysis of data collected previ-125 ously (Tremblay and Small, 2011a ) and here we briefly repeat the 126 methods that are described fully in that paper. Twenty-one healthy 127 right-handed (Oldfield, 1971) were grouped together in separate runs and, within each of these runs, 140 experimental trials were alternated with periods of "rest" during which 141 participants were asked to relax. For each run, the order of the condi-142 tions and number of rest trials was optimized using OPTseq2 (http:// 143 surfer.nmr.mgh.harvard.edu/optseq/). In the present article, we focus 144 on the first four tasks.
145
A detailed description of stimulus construction and presentation 146 may be found in Tremblay and Small (2011a,b (crosshairs) in a pseudorandom sequence. Half of these sentences 150 described manual object-directed actions and the other half described 151 visual properties of the same set of objects. The sentence stimuli were 152 presented while the MRI gradients were shut off, which ensured ease 153 of auditory processing for participants ("sparse sampling" MRI acquisi-154 tion (Gracco et al., 2005) (Bates et al., 2003; Szekely et al., 2003) .
160
Participants were instructed to attend to the pictures. Dale et al., 1999) . The functional images were co-registered to 196 each other and then to the structural volume (Saad et al., 2009), and 197 the functional data were motion-corrected (within and across runs),
198
de-spiked, and mean-normalized using AFNI (Cox, 1996) . A linear 
There were separate regressors for each of the experimental condi- 
235
For each analysis, a permutation approach (Nichols and Holmes, 2002) 236 was used to identify significant clusters of activated voxels, with an indi- mainly seen in the median areas. Fig. 1 for left ROIs to show stronger activation than right ROIs (Fig. 3) Q5 .
299
A two-way ANOVA on activation in the caudate nucleus replicated 
302
The two-way ANOVAs on the two tasks showed no effect of ROI in 
306
To examine these results further, we tested the activation level in 307 each ROI against zero, using one-sample t-tests. Significant activation 
316
We also performed a series of paired sample t-tests between 1 The results yielded were not compromised by relaxing the individual voxel threshold at p b .0001, or by not applying cluster size correction at p b .00005. 2 To ensure that the effects observed could not be attributed to differences in SNR values across the brain, we calculated the mean SNR value per ROI per condition per subject. We entered these values in a similar 2 × 2 × 2 ANOVA for the experimental conditions (task: sentence generation/repetition; ROI: caudate/putamen; Hemisphere: left/right), and another 2 × 2 × 2 ANOVA for the experimental baselines (task: picture observation/sentence listening; ROI: caudate/putamen; Hemisphere: left/right). No structure × task interaction was observed, for either the experimental (F b 1) or baseline conditions (p > .1).
The BG is a set of complex structures that play a fundamental role Crosson et al. (2003 Crosson et al. ( , 2007 for discussion). Despite 336 these difficulties, we found differences across language tasks, both in 337 the neostriatum as a whole and in four neostriatal regions of interest.
338
We predicted that both caudate and putamen would be involved 339 in response selection in overt sentence production for four reasons: Price et al., 1999; van Heuven et al., 2008) . Based on the connectivity 351 of these two neostriatal regions, our specific predictions were that
352
(1) the putamen, a structure largely embedded within the motor 
Putamen: sentence production
360
Our results demonstrate that the putamen was similarly active in 361 sentence repetition and sentence generation. We thus suggest that 362 this structure is involved in motor aspects of response selection present 363 in both tasks. Importantly, this interpretation is coherent with evidence 364 on the anatomical connectivity of the putamen and particularly its pos-365 terior parts, which connect reciprocally with motor and premotor corti-366 cal areas (e.g., Q7 Di Martino et al., 2011) . Tremblay and Small (2011b) 367 reported that the rostral and caudal parts of the left ventral premotor Fig. 2 . Family-wise error-corrected (cluster size ≥ 3 contiguous voxels, corrected at p b .01) group-level (n = 21) neostriatal activations (signal % change, individual voxel threshold of p b .00005) for Generation > Repetition (red) and Repetition > Generation (blue), after subtracting baseline activations from each; top left to bottom right: axial slices in ICMB 452 space, from z = −4 to z = 10. RAI orientation. (Miyachi et al., 2002) . Further research would thus be required to 453 dissociate between these two explanations.
454
Conclusion
455
The present study provides evidence for the involvement of the 
